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Abstract 
The waste acid residue is limestone neutralized slag in the preparation of acid with pyrometallurgical exhaust in lead production 
enterprises. There are many hazardous heavy metals in the slag, such as lead, mercury, cadmium, arsenic, etc. It is difficult to 
remove them from the waste acid residue. The leakage of the heavy metals will gradually get into the groundwater and the soil, 
contaminate the surrounding environment. However, the waste acid residue can be used to prepare geopolymer in order to 
solidify the toxic elements. The present experiment aimed to investigate the leakage rate of lead from the geopolymer made by 
the waste acid residue. The samples were lixiviated by a mixture of sulfuric and nitric acid, with the mass ratio of sulphuric acid/ 
nitric acid 2:1. The ratio of liquid to solid was 10:1. And the geopolymer was oscillated for 18 hours on the turnover oscillation. 
The leaching of lead under influence of acidic rainfall and then entering into the environment was simulated. The lead in the 
supernatant of leaching solution under different conditions was analyzed. And the result showed that lead can be well solidified 
in the geopolymer made by the waste acid residue.  
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1. Introduction 
Geopolymer has developed as a new type of high polymer inorganic cementing materials in recent years, which 
were discovered and named by Professor Joseph Davidovits a French scientist in the 1970s[1-3] firstly. The original 
preparation method of geopolymer’s refers to the formation of aluminosilicates which are formed by geochemical or 
geological synthetic effect [4]. These cementing materials have the excellent performance compared with the 
traditional cement [5-7], such as high early strength, acid and alkali corrosion, resistance to high temperature heat, 
absorption and fixation of heavy metal ions. All industrial waste residues [8], such as slag and waste acid slag can be 
used asraw materials to produce geopolymer. 
In recent years, the total waste produced of Chinese industrial was increasing. According to the report of 
Environment in China in 2009 the country's industrial output solid waste was 2040,942 million tons which had an 
increase of 7.3% compared with the previous year [9].Throughout the non-ferrous metallurgical industry system, the 
smelter’s lead-containing intermediates almost all the lead waste apart from a part of the recovery [10]. Lead is a 
toxic metal, which damages the nervous system and the body's immune system [11]. Solidification/Stabilization is an 
efficient method to treat heavy mental pollution in the soil [12]. It is difficult to remove them from the waste acid 
residue. The leakage of the heavy metals will gradually get into the groundwater and the soil, contaminate the 
surrounding environment. The present experiment aimed to investigate the leakage rate of lead from the geopolymer 
made from the waste acid residue and magnesium slag. 
2. Materials and methods 
2.1. Materials  
The waste acid residue in the experiments was made from neutralizing acid by limestone which was produced 
from the flue gas with sulfur inside excluded from Zhuzhou Smelter Group a limited liability company to make 
emissions qualified. The waste residue slag contains many hazardous heavy metals such as lead, mercury, cadmium, 
arsenic, etc. The magnesium slag came from Ningxia Hui Ye Magnesium Industry Group limited liability Company 
The XRD diffractograms of waste acid residue and magnesium slag are shown in Fig.1.  

Fig. 1. (a) magnesium slag; (b) waste acid residue. 
The chemical composition of waste acid residue and magnesium slag are shown in Table 1 and Table 2. 
Table1. The chemical composition of waste acid residue 
Composition CaSO4Ь2H2O CaF2 Fe2O3 other
Content (%) 83.66 11.58 2.81 1.95 
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Table 2 .The chemical composition of magnesium slag 
Composition CaO MgO SiO2 Fe2O3 other
Content (%) 50.6 4.4 32 5.5 7.5 
2.2. Experimental methods 
Geopolymeric materials are synthesized by alkaline (hydroxide or silicate) activation of an aluminosilicate source, 
forming a compact gel binder phase [17]. Magnesium slag as a base cementitious material is possible. Dry waste acid 
residue and the magnesium slag samples in an oven at 120oC.The waste acid residue and the magnesium slag were 
passed 120 meshes respectively and weighted as the mass ratio of waste acid residue / magnesium slag 4:6. Then the 
two powders were mixed for 1 hour in the blender to insure that they were mixed evenly. 
An appropriate amount of lead nitrate compound and other heavy mental compounds were dissolved in distilled 
water. Put the mixed solution into the mixed powder then stir them with the method of cement paste until the 
mixture turned sticky. Liquid-solid ratio was about 1:2. Constant stir was continued to mix it uniformly. Change 
the content of lead in controlling the content of total heavy mental elements was about 2%.Different 
concentrations of heavy metal compounds were man-made in order to search the leakage rate of lead from the 
geopolymer made by the waste acid residue. Then take out about 400g mixture into a clean tray and dry for 24 hours 
in an oven at 100oC after keeping them for 34, 72 and 145 hours at room temperature. The dried samples were 
smashed and sieved through 120 meshes again to form the different original geopolymeric samples.  
The original samples were used to do the leaching experiment. The method of sulfuric acid - nitric acid was used 
to do the leaching experiment. A mixed solution was of concentrated sulfuric acid and concentrated nitric acid in the 
mass ratio of 2:1used as extracting agent. The extracting agent was adjusted to pH 3.2. The experiments were 
studied under the above conditions. Lead leaching from the geopolymer prepared from waste acid residue under 
natural conditions was simulated. Weigh 200g dry original sample into the 3L roller bottle. Join 2L well-configured 
leaching agent into the 3L roller bottle with the liquid-solid ratio of 10:1. The 3L roller bottle put into JRY Rotary 
Agitator was tumbled and oscillated at 23oC with the speed of 30r/min. Leaching solution was stood for about half 
an hour. Owning to the large concentration of the leaching solution, chronic filter paper was used to filter the 
supernatant liquid of the leaching solution. 
Finally concentrations of lead and total heavy mental elements (both in the leaching liquid and the original slag) 
were tested by inductively coupled spectrophotometer (ICP). 
2.3. Analytical methods 
The samples were digested and tested by ICP. Weigh 0.50g original sample into the crucible and add about 20mL 
hydrofluoric acid, then 1mL perchloric acid was added. The sample was digested on a hot plate, which was repeated 
twice continuously. The crucible was removed after all white smoke reeking. Then put 15mL concentrated 
hydrochloric acid and 5mL concentrated nitric acid into the crucible. After all white smoke reeking add 2mL 1 +1 
nitric acid into the crucible and use appropriate amount of distilled water rinse the inner wall of the crucible. The 
crucible was then placed on the hot plate to heat until boiling, then remove the crucible. Elements in the sample 
were analyzed and tested after constant volume 50mL. 
3. Results and Discussion 
A sample was made by 4129g mixing slag and 2100mL solution which contained 320g Pb(NO3)2 ,some 
Cd(NO3)2g4H2O and some distilled water. B sample was made by 3000g mixing slag and 1900mL solution. The 
solution in B was divided into two parts 700mL and 1200mL. The 700mL included 160g Pb(NO3)2 and some 
Cd(NO3)2•4H2O. Some CuSO4, ZnSO4•7H2O and K2CrO4 was put into the distilled water making up the 1200mL. 
The content of total heavy mental elements in A sample is 1.84%, the content of lead in A sample is 0.76%. While 
the content of total heavy mental elements in B sample is 1.99%, the content of lead in B sample is 0.48%.The 
relationship between the lead content in the leaching solution and the standing time is showed as the table 3.  
As can be seen from the table 3 that when the lead content in B original slag is 0.48%,there are no lead leaching 
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out. The result showed that lead were solidified in the geopolymer made from the waste acid residue and the 
magnesium slag. The lead in the supernatant of leaching solution in such cases were zero at least did not reach the 
minimum detection limit of ICP. 
Table 3. The relationship between the lead content in the leaching solution and the standing time 
Type of heavy mental 
Time of repose(h) 
34 72 145 
Pb content in A leaching liquid(mg/L) 0.075 0.166 0.18 
Pb content in B leaching liquid(mg/L) 0 0 0 
Through the analysis of leaching liquid, when the lead content in A original slag is 0.76 %, the content of lead in 
leaching liquid will gradually increase as the time of repose of geopolymer increase. Although there were some 
dissolution of lead in the leaching solution, the lead content did not exceed 0.2mg / L. The magnesium slag can 
solidify heavy metal lead well. 
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